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DEVEIXIPMENT OF TECHNIQUES AND HARLlWARE FOR 
INSULATION WRAPPINGS OF CRYOGENIC CONTAINERS 

By Malcolm E. Reed 

ABSTRACT 

, 
During this reporting period most of the work was directed 

towards completing drawings for the fabrication and assembly 
of ths ?,%C-2* Siigeriiisiihiion sysiem. A design for the purge 
h ~ o  --a YSS cGsceived.  The calculat ions for determining the opti- 
mum number of NRC-2 layers resulted in a value of 54 lavers to 
yield the minimum ratio of non-useful to useful weight." + 

INTRODUCTION 

This research project covers the design of a helium purged 
N E - 2  Superinsulation system for use on a 105 in, diameter 
liquid hydrogen storage vesse The provi of design draw- 
ings €or the purge bag and rupture device is included as well 
as recommendations for methods of making temperature and pressure 
measurements within the insulation system. 

DESCRIPTION OF WORK DONE 

Optimization Calculation 

The determination of the optimum number of layers of NRC-2 
to be applied to the vessel was determined by differentiation of 
a weight ratio equation. The ratio of non-useful to useful re- 
maining weight after a finite period of orbiting was used as the 
criterion. The ratio, R, is composed of several factors which 
are functions of n, the number of NRC-2 layers, as defined below: 
* Trademark National Research Corporation 
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x ( n )  - Y(n) + Z(n) R =  
w (n)  

I n  e q u a t i o n  ( l ) , X ( n )  is  t h e  weight  of NRC-2, Y(n) is  t h e  s t a b i l i -  
z a t i o n  e f f e c t  when t h e  i n s u l a t i o n  changes from ground hold  t o  
o r b i t a l  e q u i l i b r i u m  t empera tu res ,  Z(n) is t h e  cryogen b o i l - o f f  
weight l o s t  dur ing  30 days of o r b i t  and W(n) is t h e  weight  of 
cryogen remaining i n  t h e  v e s s e l  a f t e r  30 days  of o r b i t .  The 
optimum v a l u e  of  n w i l l  be  o b t a i n e d  when: 

d R  - = o  
dn 

The weight of NRC-2 a p p l i e d  to  t h e  v e s s e l  may be c a l c u l a t e d  
a s  f o l l o w s :  

n (1 .5Ac+ 1 . 5 A s +  1.2A ) 556 P 
x =  

where Ac is t h e  a r e a  of t h e  c y l i n d r i c a l  s ec t ion  of t h e  v e s s e l ,  As 
is t h e  a r e a  of t h e  s p h e r i c a l  ends ,  A is t h e  a r e a  of t he  pene- 
t r a t i n g  b a t t e n s ,  and t h e  c o n s t a n t s  account  f o r  t h e  s h i n g l i n g  and 
o v e r l a p s  of NRC-2 and t h e  c o n v e r s a t i o n  of a r e a  i n t o  pounds of in -  
s u l a t i o n .  

P 

The weight of t h e  cryogen t o  produce tempera ture  s t a b i l i z a -  
t i o n  i n  t h e  i n s u l a t i o n  may be e s t i m a t e d  a s :  

TO 

(4 1 Y = - 1 1 ( X ( n )  -t P 1 Cp dT h 
T 

g 

where h = Btu/ lb  H b o i l - o f f ,  P is t h e  weight  of  t h e  purge bag ,  
C 
d y e r ,  To and T 
hold  r e spec t ive5y .  

is t h e  s p e c i f i c  #eat of t h e  l a y e r  a t  t h e  tempera ture  of t h e  
a r e  t h e  tempera tures  i n  o r b i t  and a t  ground 
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The loss of  cryogen due t o  boil-off is: 

4.28 + 
720 h A k SL 

z =  

i n  which A is the  area of the  v e s s e l ,  K is the  r a d i a t i o n  heat 
t r a n s f e r  c o e f f i c i e n t  for NRC-2 normal t o  t h e  s u r f a c e  (K = 5.31 
Btu - l a y e r / h r - f t 2 ) ,  S is the  s p a c i n g  between the  t o p  edges of 
t h e  b a t t e n s ,  and L is the l e n g t h  of t h e  o v e r l a p  of each b a t t e n ,  
The c o n s t a n t ,  4.28 x which w a s  developed i n  t h e  Four th  
Q u a r t e r l y  Repor t ,  is a c a l c u l a t e d  v a l u e  in Btu/hr- lager  €or 
l a t e r a l  conduct ion  of # E - 2  between 37 and 426OR. 

Tire weight  of cryogen remaining i n  t h e  v e s s e l  after 30 days 
i n  o r b i t ,  W, is determined by s u b t r a c t i n g  t h e  b o i l - o f f  f r o m  t h e  
i n i t i a l  f u l l  weight  a s  f o l l o w s :  

w =  p v -  z (6 1 
where p is the d e n s i t y  of the  cryogen and V is t h e  volume of 
t h e  v e s s e l .  

The e q u a t i o n  

R =  

fo r  R c a n  t h e n  be c o n s o l i d a t e d  as  follows: 

-1 2.27 n + 6130 n 
2050 - l . l l n  - 6130 n - l  

(7) 

T h i s  e q u a t i o n  when d i f f e r e n t i a t e d  and set e q u a l  t o  zero 
y i e l d s  : 

4.66 n2 - 14.2 n - 12.600 = 0 ( 8 )  

The s o l u t i o n  of t h i s  q u a d r a t i c  e q u a t i o n  is n = 54. With 54 
l a y e r s  of NRC-2, a maximum amount of cryogen may be o r b i t e d  and 
s t o r e d  for a minimum f r a c t i o n a l  p r o p o r t i o n  of non-useful  weight .  
The lat ter i n c l u d e s  n o t  on ly  the  weight  of t h e  NRC-2, b u t  a l so  
t h e  cryogen l o s t  du r ing  the storage p e r i o d ,  
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B a t t e n  Design 

A major p r o p o r t i o n  of t h e  t i m e  s p e n t  d u r i n g  t h i s  q u a r t e r  
w a s  used t o  work o u t  t h e  d e t a i l e d  d imens ioning  and p o s i t i o n i n g  
of t h e  NRC-2 b a t t e n s .  Ac tua l  p h y s i c a l  measurements were made 
of a t y p i c a l  s c r o l l  t o  a c c u r a t e l y  de t e rmine  its size.  The 
r e s u l t s  of t h i s  work a re  shown on t h e  manufac tur ing  drawings.  
The i n t e n t  of t he  des ign  is as  fol lows:  

(1)  To i n s t a l l  t h e  NRC-2 l a y e r s  a s  i s o t h e r m a l l y  as  
p o s s i b l e  w i t h  no h o l e s  t o  allow r a d i a t i o n  heat leaks. 

( 2 )  To minimize t h e  l a t e r a l  hea t  f l o w  a t  o v e r l a p s  by 
making them a s  long  a s  p o s s i b l e ,  c o n s i s t e n t  w i t h  v e s s e l  pene- 
t r a t i o n  spac ing  and a v a i l a b l e  mater ia l  w i d t h s .  

(3) To d e s i g n  t h e  i n s u l a t i o n  f o r  minimum i n s t a l l a t i o n  
t i m e ,  s o  t h a t  i t  c a n  be removed w i t h  minimum damage and still  
be f ixed  i n  p l a c e  t o  w i t h s t a n d  h igh  a c c e l e r a t i o n s .  

(4)  To p reven t  any g a s  l eakage  from v e s s e l  w e l d s  o r  s e a l s  
from be ing  ab le  t o  e n t e r  t h e  m u l t i l a y e r s  and degrade t h e  v a l u e  
of t h e  NRC-2 S u p e r i n s u l a t i o n  and a t  t h e  same t ime :p rov ide  ade- 
q u a t e  passages  f o r  purge g a s  e x i t  du r ing  a s c e n t .  

S i n c e  d e t a i l s  o f m e  p i p i n g  from t h e  v e s s e l  have n o t  been 
p rov ided ,  a g e n e r a l  s o l u t i o n  w a s  i n d i c a t e d  for l a t e r  develop- 
ment by NASA. 

Purge Bag Design 

The concept  f o r  t h e  purge bag re lease d e v i c e  a s  shown i n .  
F igs .  1 and 2 w a s  developed and a s t u d y  of m a t e r i a l s  f o r  con- 
s t r u c t i o n  of t h e  bag w a s  con t inued .  

A s u i t a b l e  mater ia l  was r e q u i r e d  f o r  making t r a n s i t i o n  
j o i n t s  for t h e  purge bag. The t u b i n g  which  is  used t o  pump 
o u t  a tmospher ic  a i r  and t h e n  i n t r o d u c e  hel ium must be t i g h t l y  
sealed t o  t h e  bag mater ia l .  S ince  moldings of s i l i c o n e  rubber  
a r e  r e a d i l y  a v a i l a b l e  and t h e  es t imated lowes t  t empera tu re  of 
t h e  purge bag, 3 7 8 O R ,  is above t h e  lowes t  s e r v i c e  tempera ture  
for s i l i c o n e  r u b b e r ,  some s i m p l e  tes ts  were made t o  check t h e  
u s e f u l n e s s  of t h e  m a t e r i a l .  \ 
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One inch  w i d e  s t r i p s  of s i l i c o n e  rubber  3/32 i n .  t h i c k  
w e r e  a t t a c h e d  t o  one  i n .  wide strips of -001 i n .  Mylar w i t h  
DuPont adhes ive  Nos. 46990 and 46960 ( D e t a i l s  i n  NRC Note- 
book 2549).  The o v e r l a p  j o i n t  w a s  one i n .  long. The samples  
w e r e  submerged i n  l i q u i d  n i t r o g e n ,  one a t  a t i m e ,  f o r  one 
minute.  They w e r e  t hen  removed and q u i c k l y  i n s e r t e d  i n  t h e  
j a w s  of a n  I n s t r o n  t e s t i n g  machine and p u l l e d  t o  f r a c t u r e .  
One 46960 sample f r a c t u r e d  a t  9 l b  load, one 46960 sample 
broke  a t  8 l b  load .  The f a i l u r e s  occurred a t  t he  j u n c t i o n  
of the Mylar and s i l i c o n e  rubber  where the  rubbe r  s t r a i n  
w a s  a max imum.  The rubber  c u r l e d  and d i s t o r t e d  when cooled i n  
the  l i q u i d  n i t r o g e n  although it  remained s t r o n g .  The weak 
l i n k  i n  t h e  sys t em w a s  t h e  adhes ive .  Eight to n i ~ e  Ih / in2  
adhes ive  s t r e n g t h  w a s  too l o w  t o  be u s e f u l  i n  t h e  in t ended  
a p p l i c a t i o n .  No f u r t h e r  search w a s  made t o  f i n d  a s u i t a b l e  
adhes ive  and no f u r t h e r  c o n s i d e r a t i o n  w a s  g iven  t o  u s i n g  
s i l i c o n e  rubber  moldings f o r  t h e  t r a n s i t i o n  p i e c e s .  

I n  p l a c e  of the  rubber  moldings,  epoxy- f ibe rg la s s  a s s e m -  
b l i e s  are recommended. The adhes ive  j o i n t  between t h e  Mylar 
and epoxy- f ibe rg la s s  composite can  be made either w i t h  a 
p o l y e s t e r  adhes ive  or w i t h  a n  epoxy. The former is much 
easier t o  work w i t h  and apply.  F u r t h e r  d e s c r i p t i o n  of t h e  
t r a n s i t i o n  p i e c e s  and other  j o i n t s  i n  t h e  purge  bag w i l l  be 
shown i n  the  drawings to  be submi t ted .  

Before a r r i v i n g  a t  t h e  release d e v i c e  shown i n  F igs .  1 and 
2 ,  a method of  r e l e a s i n g  t h e  gas by a c o n t r o l l e d  r u p t u r e  of a 
t aped  j o i n t  w a s  cons idered .  These tests are  r e p o r t e d  f o r  t h e  
r e c o r d ,  b u t  are no t  cons idered  u s e f u l  s i n c e  a better method for  
purge  bag release has been determined. 

Some S c h j e l d a h l  GT-100 t a p e  1/2 x 1 (1/2 m i l  adhes ive  o n l y ,  
no backing)  w a s  heat s e a l e d  between t w o  l a y e r s  of 0.001 i n .  
t h i c k  Mylar. The samples  w e r e  submerged i n  l i q u i d  n i t r o g e n  and 
t h e n  r a p i d l y  i n s e r t e d  i n  a n  I n s t r o n  test machine and p u l l e d  t o  
f a i l u r e .  The p e e l  s t r e n g t h  w a s  of t h e  order of 2 1b . in  w i t h  
1/2 m i l  a d h e s i v e ,  and 4 l b / i n  w i t h  1 m i l .  A room tempera tu re  
sample w a s  n o t  s i g n i f i c a t l y  d i f f e r e n t .  One sample i n  which 
s o m e  GT-300 t a p e  1/2 x 1/2 x 3/4 i n .  wide  (1/2 m i l  adhesive-  
1/2 m i l  Mylar) w a s  a p p l i e d  t o  t h e  Mylar and t h e  adhes ive  stress- 
ed i n  shear (no t  a s  f o r  p e e l  s t r e n g t h )  broke t h e  t a p e s  i n  
t e n s i o n .  Making a purge bag w i t h  a p e e l  t ype  j o i n t  h e l d  w i t h  
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t a p e  i n  t e n s i o n  would have provided  a p r e d i c t a b l e ,  c o n t r o l l -  
ab le  release p o i n t ,  b u t  l acked  two f e a t u r e s  which  w e r e  
a v a i l a b l e  i n  t h e  system l a t e r  conce ived  and shown i n  F i g s .  1 
and 2 .  

The first of t h e s e  f e a t u r e s  which is i n h e r e n t  i n  t h e  d e s i g n  
shown i n  F ig .  2 is i n s t a b i l i t y  which c a u s e s  t h e  comple te  j o i n t  
t o  release as soon as  any one s e c t i o n  releases.  The second is 
a means of i n s u r i n g  t h a t  t h e  opening w i l l  remain w i d e  open even 
a f t e r  t h e  i n i t i a l  r e l a t i v e l y  h i g h  p r e s s u r e  gas  is released. 
T h i s  is accomplished by means of t h e  l i g h t  w e i g h t ,  low-spring- 
r a t e  e x t e n s i o n  s p r i n g s  shown i n  t h e  i l l u s t r a t i o n .  These s p r i n g s  
a re  i n  t e n s i o n  when t h e  bag is purged w i t h  he l ium,  b u t  r e t u r n  
t o  f ree  l e n g t h  when t h e  release d e v i c e  has o p e r a t e d  t h u s  hold-  
i n g  t h e  edges  of t h e  s e a l  wide ly  s e p a r a t e d  around t h e  e n t i r e  
c i r cumfe rence  of t h e  v e s s e l .  

One o t h e r  impor t an t  a s p e c t  of the d e s i g n  is t h e  s e l e c t i o n  
of  a s e n s i n g  system which w i l l  p r o v i d e  f o r  r e l i a b l e  o p e r a t i o n  
o f  t h e  purge  bag release a t  t h e  r i g h t  t i m e  i n  s p i t e  of f a c t o r s  
such  as  v i b r a t i o n  and t empera tu re .  A f t e r  c o n s i d e r a b l e  s t u d y  o f  
v a r i o u s  p o s s i b i l i t i e s ,  i t  appeared  t h a t  a change i n  p r e s s u r e  
due t o  t h e  a s c e n t  of  t h e  v e h i c l e  would p r o v i d e  t h e  most d e f i n i t e  
s i g n a l .  A t  an e l e v a t i o n  of approximate ly  1900 f e e t ,  t h e  p re s -  
s u r e  changes 1 p s i ;  a change which is greater  t h a n  t h e  f l u c t u a -  
t i o n  of normal a tmospher ic  p r e s s u r e .  

+ 
A t  t h e  p r e s s u r e  d i f f e r e n c e  o f  1 p s i  between t h e  i n s i d e  and 

o u t s i d e  of  t h e  bag ,  t h e  bag mater ia l  is s u b j e c t e d  t o  t e n s i o n  o f  
n e a r l y  60 l b / i n .  To a l low p r e s s u r e  d i f f e r e n c e s  s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h i s  would n e c e s s i t a t e  a we igh t  p e n a l t y  for heavi -  
er  bag m a t e r i a l  and c a u s e  u n n e c e s s a r i l y  h i g h  purge  g a s  e s c a p e  
v e l o c i t i e s .  To a t t empt  t o  u s e  ex t r eme ly  low purge  gas  p r e s s u r e  
w i t h  a v e r y  l i g h t  weight  purge  bag c o u l d  c a u s e  premature  f a i l u r e  
of t h e  bag. 

T h e r e f o r e ,  t h e  recommended release system w i l l  u s e  a bel- 
lows which  w i l l  s e n s e  t h e  change i n  p r e s s u r e  and o p e r a t e  a 
s m a l l  v a l v e .  The v a l v e  w i l l  i n t r o d u c e  g a s  under  p r e s s u r e  from 
a small  s t o r a g e  v e s s e l  (approximate ly  5 i n .  l ong  x 1 i n .  d i a -  
meter) t o  expand t h e  f l e x i b l e  metal  t u b i n g  shown i n  F i g .  2 and 
t h u s  release t h e  purge  gas .  
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FIGURE I 
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L i g h t  Springs 

Release 
Section 

VIEW AA SHOWN I N  FIGURE 2 

SCREMATIC VIEW OF PURGE BAG ASSEMBLY 
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FIGURE 2 

1 

F l e x i b l e  C o r r u g a t e d  Tubing 
I- 

E x t e n s  i o n  

Purge Bag 

Spring 

SECTION AA OF FIGURE 1 

SKETCH OF PURGE BAG RELEASE DEVICE 



The release valve and bellows operator are conventional 
equipment but will require that NASA provide detailed speci- 
f i c a t i o n s  of such variables as vibration accelerations and 
temperature t o  a suitable vendor. At least one vendor, 
Northeast Engineering, Inc., Hamden, Connecticut, has indi- 
cated to NRC his ability and interest in developing the small 
valve required. 

Instrumentation Study 

The general method and procedure which will be recommended 
fer ~ e ~ s u r i c g  gressurc in the Eiiltiliiyers has been determined. 
Calculations mzct still 5 e  made tc establish physical dimen- 
sions for the components of the system. It is expected that 
t h e  system will consist of small gauge tubulation, a calibrated 
orifice, a diffusion pumping system and an ionization gauge. 

Similarly the general procedures for measuring temperatures 
in the multilayers have been considered, but detailed recommen- 
dations remain to be completed. 

ANALYSIS AND RECOMMENDATIONS 

Summary Of Heat Leaks 

The summary below is a tabulation of results of calcula- 
t i o n s  reported in previous quarterly reports and in the earlier 
part of this report. 

TABLE I 

Summary Of Heat Leaks To 105'' Vessel 
Btu/hr 

Normally through NRC-2 29.1 
Along overlapping shingles of NRC-2 15.5 
Along 2 titanium alloy struts 6.3 
Along 1 titanium rod, up and down 0.3 
Two tube penetrations, assumed 36 in. long 6 .2 
Two tube penetrations, 14 in. long unattached 0.3 

Total 57.7 
- 
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From t h i s ,  i t  is a p p a r e n t  t h a t  t h e  t i t a n i u m  s t r u t s  pre-  
s e n t  a s i g n i f i c a n t  h e a t  l e a k  t o  t h e  system. The v a l u e  f o r  
t h e  two 36 i n .  long  t u b e  p e n e t r a t i o n s  is p robab ly  h i g h  s i n c e  
t h e  i n s u l a t e d  l e n g t h  of t h e s e  w i l l  p robab ly  be l o n g e r  t h a n  
36 i n .  when i n s t a l l e d .  

I n i t a l  comparisons show t h a t  t h e  h e a t  l e a k  f o r  t h i s  
sys tem is approximate ly  1.4 t i m e s  t h a t  C a l c u l a t e d  f o r  t h e  
n i t r o g e n  purged 70 i n .  d i ame te r  v e s s e l  whereas  t h e  v e s s e l  
area and volume r a t i o s  a r e  1 .21  and 1.55 r e s p e c t i v e l y .  

Summary O f  Weights 

The amount of NRC-2 r e q u i r e d  is approx ima te ly  6 5  pounds 
for t h i s  system. The p r o t e c t i v e  Mylar adds  a n o t h e r  11 
pounds approximate ly .  The weight  of t h e  purge  bag h a s  n o t  
been c a l c u l a t e d  y e t ,  b u t  must tie added t o  t h e s e  v a l u e s  to  
o b t a i n  t h e  t o t a l  system weight .  'The NRC-2 weight  is n e a r l y  
1.5 t i m e s  t h a t  c a l c u l a t e d  for t h e  n i t r o g e n  purged 70 i n .  
diameter v e s s e l .  

The weights  and h e a t  l e a k s  appea r  t o  be c o n s i s t e n t  w i t h  
themselves  and w i t h  t h e  p r e v i o u s  work on t h e  70 i n .  d i ame te r  
v e s s e l .  

F u t u r e  Work 

The manufac tur ing  drawings of t h e  NRC-2 S u p e r i n s u l a t i o n  
sys t em,  i n s t a l l a t i o n  t e m p l a t e s ,  arid t h e  d e s i g n  drawings of 
t h e  purge  bag w i l l  be completed i n  December, 1965. Recommen- 
d a t i o n s  f o r  pu rge  bag s e a l i n g  t e c h n i q u e s  w i l l  be i n d i c a t e d  
on t h e  purge bag d e s i g n  drawings.  Procedure  i n s t r w t i o n s  w i l l  
be  r e v i s e d  t o  a s s i s t  i n  t h e  assembly work. 

Some f u r t h e r  work remains  t o  comple te  t h e  recommendations 
f o r  measuring t empera tu re  and p r e s s u r e  w i t h i n  t h e  m u l t i l a y e r  
system. 
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